Aims Risk factors for progression of atherosclerosis in non-grafted coronary arteries were examined in a prospective 5-year follow-up study of 228 consecutive coronary artery bypass surgery patients, with the main emphasis on insulin resistance syndrome.
Methods and Results
Serum lipids and lipoproteins were measured pre-operatively and 1, 2, 3 and 5 years after surgery; and a baseline oral glucose tolerance test with plasma insulin determinations was performed preoperatively. Progression of atherosclerosis was assessed by means of computer-based quantitative coronary angiography. Compared to subjects without progression, the patients with progression of atherosclerotic lesions had a higher body mass index both at baseline (P=0·022) and at 5 years (P=0·007), were more often treated for hypertension at baseline (P=0·008) and at 5 years (P=0·012), used diuretics more often during the follow-up period (P=0·002), had a larger blood glucose area under the curve (P=0·015) and a lower insulin sensitivity index (P=0·006) in the baseline oral glucose tolerance test, had a higher serum total cholesterol concentration at baseline (P=0·044), and a higher serum triglyceride concentration (P=0·005) during the whole follow-up period. Clustering of the components of insulin resistance syndrome at baseline was more frequently found in patients with progression of atherosclerotic lesions than in patients without progression (P=0·025). For example, for patients with c1 component, the risk of progression was 17%, while for patients with d5 components the risk was 67%. As compared to the other patients, those with new atherosclerotic lesions had a lower insulin sensitivity index at baseline (P=0·033), and a lower serum high density lipoprotein cholesterol concentration during the follow-up period (P=0·033).
Introduction
Progression of atherosclerosis in coronary arteries and grafts is common after coronary artery bypass graft surgery. However, angiographic studies after bypass surgery have focused on the progression of atherosclerosis in the grafts. Studies on the progression of atherosclerosis in the coronary arteries after surgery are few [1] [2] [3] , or have focused mainly on pharmacological or surgical intervention (ileal bypass) on serum cholesterol and low density lipoprotein (LDL) cholesterol [4] [5] [6] [7] [8] [9] [10] . The long-term prognosis of bypassed patients in terms of angina pectoris symptoms and risk of acute myocardial infarction probably depends both on the patency of the grafts and on the progression of atherosclerosis in the coronary arteries after coronary artery bypass graft surgery [11, 12] . We studied the risk factors in angiographically assessed progression of coronary artery disease in non-grafted coronary arteries 5 years after the operation. The main emphasis was on the effect of the insulin resistance syndrome [13] on the progression of atherosclerosis, since some recent studies have suggested its role as a risk factor for coronary artery disease [14, 15] . The variables related to insulin resistance in the present study were: impaired glucose tolerance, reduced insulin sensitivity index [16] , increased level of serum triglycerides, decreased level of serum high density lipoprotein (HDL) cholesterol, hypertension and obesity.
Methods

Subjects
The cohort consisted of 228 consecutive patients (201 males, 27 females) under the age of 65 years with stable ischaemic heart disease who underwent elective coronary artery bypass graft surgery in Turku University Hospital between February 1986 and December 1987. They represent 82% of all patients who have undergone bypass surgery in this hospital during that period. Initially, the subjects were randomized to conventional treatment and a comprehensive rehabilitation group. The results of the rehabilitation study have been reported elsewhere [17, 18] . Since the groups were similar as regards risk factors and angiographic findings, the subjects from the two groups were pooled for this study. The mean (SD) time between surgery and the last clinical follow-up examination was 61 (1) months (range 59-67 months).
Five subjects died within 30 days of the bypass graft operation, and another 20 died during the followup. Five subjects were lost to follow-up, 18 patients refused to participate in the study, and four patients had contraindications to the control coronary angiography. Thus, the 5-year follow-up population consisted of 176 patients, 158 (90%) of whom were males. The mean (SD) age of the patients was 54 (6) years at the time of the operation. Family history for coronary artery disease was positive in 126 (72%) patients. Thirty (17%) patients had had unstable angina pectoris and 41 (23%) acute myocardial infarction before the operation. The preoperative mean (SD) left ventricular ejection fraction was 71% (11%). Left main coronary artery disease was present in 18% of the patients, 60% had triple vessel disease, 31% double vessel disease, 9% single vessel disease, and 12% had diffuse sclerosis. Forty percent of the patients were in functional classes I-II of the Canadian Cardiovascular Society [19] and 60% in classes III-IV before the operation. Treatment for hypertension was received by 25% of the patients at baseline, and 5% had diabetes mellitus. Complete revascularization was achieved in 62% of the patients, the average (SD) number of grafts per subject was 2·7 (0·9). All subjects gave verbal informed consent. The study protocol was approved by the Ethics Committee of Turku University Hospital.
Treatment of the patients during the follow-up period
All subjects visited the cardiac outpatient clinic 2, 6, 12, 24, 36 and 60 months after the operation and were examined by one of the authors (E.E.). Medication after discharge consisted of acetylsalicylic acid 250 mg per day and dipyridamole 225 mg per day for 1 year. Beta-blockers were prescribed up to 6 months after the operation, but were then discontinued, if they were not needed to control angina pectoris or some other condition. Clofibrate was used by three subjects before the operation; the others had no hypolipidaemic medication. At the 5-year follow-up, 31 subjects were using lovastatin, 14 gemifibrozil and five clofibrate.
Coronary angiography
Coronary angiography was performed on an average (SD) 61 (2) months after the operation. The range was 59-68 months, except for one subject who underwent angiography 39 months after the operation because of severe angina pectoris; the results of this examination were used in the analysis. All other subjects underwent angiography according to the study protocol. Catheterization was performed using the percutaneous femoral approach. 
Analysis of the angiograms
Coronary artery angiograms were analysed using validated quantitative coronary arteriography software, the Cardiovascular Measurement System (Medis, Nuenen, The Netherlands) [20] , as described elsewhere in detail [21] . Progression of atherosclerosis was evaluated in nongrafted coronary arteries by comparing the 5-year follow-up angiogram with the pre-operative angiogram. Objective anatomical landmarks, usually branch points, were used to define the coronary segments. All adequately visible segments with an average reference (i.e. non stenosed) diameter of at least 1 mm were analysed. The proportion of diffusely diseased segments was less than 2% of all segments. Where no reliable reference diameter could be obtained these diffusely diseased segments were excluded from the analyses. If two approximately perpendicular views were available, the data from both were averaged.
Two different principles were applied to classify the progression of atherosclerotic changes. Both are modifications of methods evaluated in the Cholesterol Lowering Atherosclerosis Study [22] . The first classification was based on the follow-up of stenoses observed in the baseline angiograms. A stenosis was considered to be present when a diameter narrowing of at least 25% was detected in the follow-up angiogram, if a stenosis had been observed in the same location in the baseline angiogram. An increase or decrease of 20 percentage points in the diameter narrowing between the two angiograms was considered as a significant change. All stenoses in each segment of the coronary arteries were analysed, and if a segment showed more of progressed than regressed stenoses, it was classified as progressive. Correspondingly, if a segment showed more of regressed than progressed stenoses, it was classified as regressive. Other segments were classified unchanged. When the total number of progressed segments in a patient exceeded that of regressed segments by at least one, the patient was classified as a subject with progression, and the other patients were classified as subjects without progression.
The other classification was based on the occurrence of new lesions in the follow-up angiograms. A diameter narrowing of at least 25% in the follow-up angiogram was classified as a new lesion, if the region had been normal in the pre-operative angiogram. A stenosis observed in the pre-operative angiogram was considered to have disappeared, if it was not seen in the follow-up angiogram. A segment was classified as one with new lesions if the development of new stenoses exceeded those which had receded, and as one without new lesions if the opposite was the case. If a patient had at least two more segments with the new lesions, than segments without new lesions, they were classified as a subject with new lesions; the rest were classified as subjects with no new lesions.
The reproducibility of the quantitative coronary arteriograms was assessed by analysing the angiograms of 10 subjects twice with a 1 month interval. The mean (SD) difference of percentual diameter stenosis between the two measurements was 5·17 (3·98) percentage points, which is in agreement with other studies [23] .
Biochemical and other methods
Fasting serum cholesterol, high density lipoprotein (HDL), cholesterol, triglycerides and apolipoprotein A-I levels were measured pre-operatively and at 6 months, and 1, 2, 3 and 5 years after the operation. The apolipoprotein E phenotype was determined pre-operatively, and lipoprotein (a) and carboxyhaemoglobin levels at the 5-year follow-up. An oral glucose (75 g) tolerance test with blood glucose and plasma insulin determinations at 0, 60 and 120 min was performed preoperatively. The area under the curve was measured for blood glucose and plasma insulin concentrations. All blood samples were drawn after an overnight fast. The samples for serum lipid determinations were frozen at 20 C and analysed within a few days. Serum cholesterol was determined by using a fully enzymatic CHOD-PAP method [24] (BoehringerMannheim, Germany or Merck, Darmstadt, Germany). Average intra-and inter-assay coefficients of variation were 1·6% and 2·1%.
Serum triglycerides were determined using either a fully enzymatic method [25] (Boehringer-Mannheim, Germany) or a colorimetric GPO-PAP method (Merck, Darmstadt, Germany). Average intra-and inter-assay coefficients of variation were 2·5% and 3·9%.
Serum HDL cholesterol was assessed from the supernatant after precipitation of LDL and very low density lipoproteins with dextran sulphate 500 000 (Pharmacia, Uppsala, Sweden) [26] . Average intra-and inter-assay coefficients of variation for HDL cholesterol were 1·5% and 2·8%. LDL cholesterol was calculated by using the formula presented by Friedewald et al. [27] . The HDL/total cholesterol and HDL/LDL cholesterol ratios were calculated.
Lipoprotein (a) concentration was determined by using a solid phase two-site immunoradiometric assay (Pharmacia, Uppsala, Sweden) [28] . Intra-and inter-assay coefficients of variation were 1·9% and 4·4% at the level of 180 mg . l 1 , and 2·3% and 4·9% at the level of 45 mg . l 1 . Serum apolipoprotein A-I was determined immunoturbidimetrically by using a commercially apolipoprotein A-I kit (Orion Diagnostica, Helsinki, Finland) [29] . Apolipoprotein E phenotyping was performed after sample delipidation with ethanol diethyl ether 3:1 (vol/vol) and cysteamine treatment. Analytical isoelectric focusing on 5% polyacrylamide gels (LKB, Sweden) with a Bio-Rad Protean cell vertical electrophoresis unit was performed, followed by immunoblotting using an LKB 2117-2500 electroblotting unit [30] . Whole blood glucose was determined using the glucose oxidase method, and plasma insulin using radioimmunoassay (Novo Biolabs, Denmark). The insulin sensitivity index was calculated on the basis of the glucose and insulin values during the oral glucose tolerance test, using the formula presented by Cederholm and Wibell [16] . This index is not directly comparable with insulin sensitivity assessed by the euglycemic clamp technique, i.e. the 'gold standard' for measuring glucose disposal in response to insulin. However, the insulin sensitivity index of Cederholm and Wibell works like the euglycemic clamp technique or insulin suppression test in that it ranks groups of subjects with increasing degrees of glucose intolerance [16] . Subjects with previously diagnosed diabetes mellitus or who met
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the WHO criteria for diabetes in the oral glucose tolerance test were excluded.
Blood carboxyhaemoglobin was determined by using absorption photometry (OSM 3 Heximeter, Copenhagen, Denmark). Values of 1·5% or more were assumed to be caused by regular smoking [31] . Body height and weight were measured, and body mass index was calculated by dividing the weight by the square of the height (kg . m 2 ).
Statistical analyses
SAS computer software was used for data analysis. Comparisons of continuous variables were performed using the Student's t-test. Within-group changes were analysed using the paired t-test. Categorical variables were tested using the chi-square test or Fisher's exact test. Yates' correction for continuity was used in fourfold tables. Because of the skewed distribution, lipoprotein (a), triglycerides and insulin were analysed after logarithmic transformation. Weighted mean values, up to 60 months, of the lipids and lipoproteins were calculated, excluding the 6-month value and including the pre-operative, and the 1-, 2-and 3-year values once and the 5-year value twice. The body mass index and use of diuretics were included as covariates in the linear model comparing progression groups. P-values below 0·05 were taken as evidence for statistical significance.
Results
Altogether 176 subjects (87% of the survivors) had coronary angiography 5 years after the operation, and 128 (73%) of them had non-grafted coronary arteries that were analysed with quantitative coronary arteriography. Lipid and lipoprotein values at the 5-year follow-up were similar in the subjects who underwent angiography and in those who did not. Of the angiographied subjects, 126 (98% of the analysed) had stenoses in the baseline angiogram, and 32 (25%) of them were classified as having progression in the follow-up angiogram. Twenty-six (20% of the analysed) patients were classified as subjects with new lesions. The mean (SD) percent diameter stenosis in the baseline angiography was 32·4 (7·9), range 12·1-85·0 and at 60 months 36·8 (7·9), range 20·1-100. The mean (SD) percent diameter stenosis of the new lesions was 33·5 (6·3), range 25·0-51·3.
Progressive 
Progression of pre-operative stenoses
Compared to the subjects without progression, the subjects with progression of atherosclerotic lesions had a higher body mass index pre-operatively and at the 5-year follow-up, a larger area under the curve of blood glucose in the glucose tolerance test, and a lower insulin sensitivity index. They were also more often treated for hypertension at the baseline and at the 5-year follow-up, and were more often on treatment with diuretics during the follow-up period ( Table 1 ). The subjects in whom the baseline stenoses progressed had higher plasma triglyceride levels during the whole follow-up period and a higher concentration of serum total cholesterol at the baseline, as compared with those without progression ( Table 2) . HDL cholesterol at 60 months was lower in subjects with progression than in the others, but the difference was not statistically significant (P=0·080). No significant differences were seen in other lipids and lipoproteins.
Since the use of diuretics at any time during the follow-up period was associated with progression of the baseline stenoses, additional analyses were performed to study the association between progression and risk factors by adjusting for treatment with diuretics at each point of the follow-up. In these analyses, the insulin sensitivity index was lower (P=0·017), total cholesterol at the baseline higher (P=0·048), and the mean of the triglycerides during the follow-up higher (P=0·021) in patients with progression than in those without progression.
Since obesity has an influence on lipid and lipoprotein concentrations, insulin sensitivity, and hypertension, an adjustment for the body mass index was performed at each point of follow-up. In these analyses, the mean of the triglycerides during the follow-up was higher (P=0·046) and treatment for hypertension more common (P=0·049) in patients with progression than in those without progression.
Development of new lesions
Subjects with new lesions had a lower insulin sensitivity index at baseline, compared to the other subjects (Table  3) , a lower serum HDL cholesterol concentration at 60 months and a corresponding weighted mean concentration during the follow-up period ( Table 4) . The groups were similar as regards the other lipid and lipoprotein values. After adjustment for treatment with diuretics, the insulin sensitivity index (P=0·040) was still lower in subjects with new lesions than in the others. After adjustment for the body mass index, the insulin sensitivity index (P=0·041) was lower in subjects with new lesions than in the others.
Components of the insulin resistance syndrome
Subjects showing many insulin resistance syndrome risk factors more often had progression of the baseline stenosis than the patients with fewer risk factors (Fig. 1) .
No association was observed between the number of risk factors and formation of new lesions.
Other risk factors
Subjects with progression of atherosclerosis did not differ from those without progression in respect of age, gender, pre-operative or 5-year follow-up ejection fraction, functional class, treatment for heart failure, treatment for hyperlipidaemia, treatment with betablocking agents or calcium antagonists, fasting plasma insulin level, blood carboxyhaemoglobin, lipoprotein (a), or participation in the rehabilitation programme. Apolipoprotein E phenotype was assessed in 109 subjects. Phenotypes 2/2, 3/2 and 3/3 were combined for the analysis to form the apoE4 group (n=70). Phenotype 4/2 (n=3) was excluded from the analysis. Phenotypes 4/3 and 4/4 were combined for the analysis to form the apoE4+ group (n=36). There was no association between phenotype apoE4 and the formation of new lesions or progression of angiographically assessed coronary artery disease.
Discussion
The results of this prospective 5-year follow-up study, using computer-based quantitative analysis of coronary angiograms and serial measurements of lipid and lipoprotein concentrations, suggest that the components of the insulin resistance syndrome, i.e. high serum triglyceride concentration, hypertension and obesity have a role in the progression of coronary artery disease. All these factors were associated with the progression of baseline stenosis during the 5-year follow-up period. Low serum HDL cholesterol concentration, also an insulin resistance related factor, was associated with the development of new lesions. Consistent with these findings, the insulin sensitivity index was associated inversely with both progression of lesions and development of new lesions. Moreover, we observed a clustering of factors related to the insulin resistance syndrome in subjects with angiographically evaluated progression of atherosclerosis. Such a finding has not, to our knowledge, been reported before.
There is increasing evidence that serum triglycerides and triglyceride-rich lipoproteins are risk factors in the progression of atherosclerosis assessed by angiography [32] [33] [34] and in acute myocardial infarction [35] . In our study, triglycerides were strongly associated with the progression of atherosclerotic lesions and this association persisted, although weakened, after the adjustment for obesity or use of diuretics. Two possible mechanisms by which hypertriglyceridaemia is related to coronary artery disease have been proposed: a direct atherogenic effect of triglyceride-rich lipoproteins, particularly very low density lipoproteins and their remnants, or the metabolic consequences of hypertriglyceridaemia [36] . The metabolic consequences of hypertriglyceridaemia that can be associated with coronary artery disease are many, including small dense LDL particles, low levels of HDL cholesterol, and a procoagulant state resulting from changes in blood coagulation factors [37] or impaired fibrinolysis [38] . Unfortunately, small dense LDL particles, blood coagulation or fibrinolysis were not assessed in our patients.
The baseline but not the 5-year concentration of serum total cholesterol was associated with progression of coronary artery disease in our patients. This is in line with the published results of the CASS study [3] . The weak association of serum cholesterol with coronary artery disease in our study may be due to the fact that the inter-individual variation in the levels of serum cholesterol during the follow-up was relatively small. A larger variation in serum cholesterol and LDL cholesterol, as in intervention studies to decrease the LDL cholesterol concentration, could have revealed a more evident association between serum cholesterol and coronary artery disease.
Low HDL cholesterol concentration was associated with the occurrence of new lesions and its importance was accentuated over time. This is in agreement with previous studies [39, 40] , and emphasizes the role of low HDL cholesterol concentration on the genesis of early soft, cholesterol-rich atheromas.
As regards the other components of the insulin resistance syndrome, hypertension, high body mass index at baseline and at 5-year follow-up, and insulin resistance determined as the insulin sensitivity index, were all associated with the progression of pre-operative atherosclerotic lesions. A low insulin sensitivity index was also associated with the development of new lesions. These results are in accordance with some recent studies showing that a high fasting plasma insulin level is associated with the progression of atherosclerotic manifestations [14] , and that subjects with angiographically diagnosed coronary artery disease are characterized by moderate or severe insulin resistance [41] . However, the mechanisms of action of insulin resistance on the progression of atherosclerosis are not clear. An association between insulin resistance and lipid abnormalities, as observed in this study [42] [43] [44] [45] , as well as the impact of triglyceride-rich lipoproteins on changes in blood coagulation and fibrinolysis, have been suggested.
Our study focused on the association between risk factors and the progression of atherosclerosis in non-grafted coronary arteries. Previous studies [1, 2] have shown that 5 to 7 years after bypass surgery, progression of coronary artery disease is as common in non-grafted arteries as in segments distal to graft anastomosis of the bypassed vessels. However, in segments proximal to the graft anastomosis the rate of progression is faster than that in non-grafted arteries. Consequently, in addition to non-grafted arteries, our results may also be applicable to segments distal to graft anastomosis, but possibly not to segments proximal to graft anastomosis. However, further studies are needed to evaluate the role of 
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the components of the insulin resistance syndrome in the progression of coronary artery disease in segments of bypassed arteries proximal or distal to the anastomosis.
In conclusion, the results of this study indicate that components related to the insulin resistance syndrome are associated with the progression of coronary artery atherosclerosis 5 years after coronary artery bypass graft surgery. As a practical consequence, we suggest that, in addition to lowering of LDL cholesterol, the treatment of the insulin resistance syndrome and its components is important in order to slow down the progression of the atherosclerosis in non-grafted coronary arteries after coronary artery bypass grafting.
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